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Ideal Cardiovascular Health and Adiposity: Implications in Youth
Amber L. Fyfe-Johnson, ND, PhD; Justin R. Ryder, PhD; Alvaro Alonso, MD, PhD; Richard F. MacLehose, PhD; Kyle D. Rudser, PhD;
Claudia K. Fox, MD; Amy C. Gross, PhD; Aaron S. Kelly, PhD

Background-—The American Heart Association set 2020 Strategic Impact Goals that deﬁned cardiovascular risk factors to be
included in the concept of ideal cardiovascular health (ICH). The prevalence of ICH among differing levels of adiposity in youth,
especially severe obesity, is uncertain.
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Methods and Results-—The cross-sectional study measured ICH metrics in 300 children and adolescents stratiﬁed by adiposity:
normal weight, overweight/obese, and severely obese. ICH incorporates 7 behavioral and health metrics, and was characterized as
poor, intermediate, or ideal. Individual ICH metrics were transformed into standardized sample z-scores; a summary ICH sample
z-score was also calculated. Multivariable linear regression models were used to estimate differences in ICH sample z-scores by
adiposity status. Of the 300 participants, 113 were classiﬁed as having normal weight, 87 as having overweight/obesity, and 100
as having severe obesity (mean age 12.8 years, SD 2.7; 48% female). No participants met the criteria for ICH; 80% of those
classiﬁed as having normal weight, 81% of those with overweight/obesity, and all of those with severe obesity were in poor
cardiovascular health. After multivariable adjustment, those with overweight/obesity (sample z-score: 1.35; 95% conﬁdence
interval, 2.3, 1.1) and severe obesity (sample z-score: 1.45; 95% conﬁdence interval, 2.9, 0.92) had lower overall ICH
sample z-scores compared with participants with normal weight. Results were similar for individual ICH metrics.
Conclusions-—Poor cardiovascular health was highly prevalent in youth; ICH sample z-scores increased across levels of adiposity.
Youth with obesity, particularly those with severe obesity, remain a rich target for primary prevention efforts.
Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identiﬁer: NCT01508598. ( J Am Heart Assoc. 2018;7:
e007467. DOI: 10.1161/JAHA.117.007467.)
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T

o a great extent, cardiovascular disease is preventable;
individuals without cardiovascular risk factors have low
rates of cardiovascular disease in adulthood.1,2 In an attempt
to prioritize cardiovascular health and shift towards primordial
prevention, the American Heart Association (AHA) set 2020
Strategic Goals that included the concept of ideal cardiovascular health (ICH).3 ICH incorporates 7 health metrics
(smoking, body mass index [BMI], physical activity, diet,
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blood pressure, total cholesterol, and glucose), and is
characterized as poor, intermediate, or ideal based on the
number of metrics an individual meets. ICH is deﬁned as
meeting the ideal deﬁnition for all 7 metrics. The Cardiovascular Risk in Young Finns Study reported a relationship
between low ICH (below the median number of “ideal”
metrics) in childhood with cardiovascular disease in adulthood. A noteworthy ﬁnding was that no children in this study
met all 7 metrics for ICH.4,5 In the same cohort, individuals
who changed their ICH status from low to high from childhood
to adulthood had similar cardiometabolic health proﬁles as
the participants originally classiﬁed as having high ICH as
children.6
Excess adiposity remains a serious public health threat7,8;
33% of US adolescents are classiﬁed as having overweight or
obesity.7,9 Despite a potential plateau in overall obesity rates,
the prevalence of severe obesity in children and adolescents 2
to 19 years of age has increased from 4% in 1999 to 2004,10
to >8% in 2013 to 2014.7 Severe obesity in youth is
associated with increased cardiometabolic risk factors,11
vascular dysfunction,12 increased oxidative stress,13 and risk
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What Is New?
• In a pediatric cohort study that included severely obese
children and adolescents, no participants were in ideal
cardiovascular health (ICH) and the prevalence of poor ICH
was high in both the normal weight and overweight/obese
groups.
• Overall sample z-scores for a continuous ICH metric suggest
that individuals with normal weight, on average, have a
higher continuous ICH sample z-score than those with
overweight or obesity.
• Children who qualiﬁed for free or reduced-price school lunch
had lower cardiovascular health than individuals in more
stable ﬁnancial situations.

What Are the Clinical Implications?
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• Clinicians are in a unique position to recommend behavioral
changes to patients and families at all levels of adiposity,
with particular consideration given to those in situations of
ﬁnancial hardship.
• Because poor ICH was found in all adiposity categories,
population-level interventions such as developing schoolbased policy changes or programs could be beneﬁcial.
• If generated using a nationally representative data source,
modifying ICH to a continuous metric could further enhance
its ability to stratify cardiovascular risk in childhood and
adolescence.

factors for chronic disease.14 Recent evidence suggests that
cardiovascular mortality in adulthood was 3.5 times higher
(95% conﬁdence interval, 2.9–4.1) for individuals classiﬁed as
having obesity as adolescents. The AHA estimates that 33% of
adolescents do not meet the ICH metric for ideal BMI (ie, were
classiﬁed as having overweight or obesity).15 Given the
prevalence of overweight and obesity in children, considerable
attention has been paid to the role of adiposity as a precursor
to the development of adult cardiovascular disease.16–18
Mendelian randomization studies conﬁrm that adiposity is a
causal risk factor for cardiovascular risk factors and
atherosclerosis in adulthood.19,20 Therefore, identifying children based on adiposity who are at risk for clinically evident
cardiovascular disease later in life may be an important
strategy for cardiovascular disease prevention.18,21
Given that pediatric cohort studies report an absence of
ICH in children4,22 and secular trends show increases in
severe obesity prevalence,14 the clinical utility of the ICH
metric could be improved with a greater focus on adiposity
status. Furthermore, it is unclear whether categorizing
biologically continuous risk factors for ICH estimation is the
ideal approach.23,24 To our knowledge, no data exist on the
prevalence of ICH across levels of adiposity in a pediatric
DOI: 10.1161/JAHA.117.007467

population, nor has an adiposity-speciﬁc or continuous ICH
metric been proposed. The objectives of the current study
were 2-fold. First, we aimed to improve the understanding of
the distribution of ICH metrics by adiposity status. Second, we
examined the same ICH metrics by adiposity status using a
continuous ICH sample z-score.

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproducing the results or replicating the procedure.

Study Population
This cross-sectional study included 300 children and adolescents aged 8 to 17 years from the greater Minneapolis and
St. Paul metropolitan area recruited from 2011 to 2016.
Enrollment was stratiﬁed by adiposity: normal weight, overweight/obese, and severely obese. Participants were
recruited from various pediatric clinics, including the University of Minnesota Masonic Children’s Hospital Pediatric
Weight Management Clinic (participants with obesity or
severe obesity only). Participants and parents provided assent
and written informed consent, respectively. The study protocol was approved by the University of Minnesota Institutional
Review Board.
Participants were excluded if they met any of the following
criteria: (1) untreated obstructive sleep apnea (known to impact
endothelial function); (2) genetic causes of obesity (ie, PraderWilli); (3) previous medical history of weight loss surgery;
(4) current medications known to affect the endothelium (ie,
statins, angiotensin-converting enzyme inhibitors, peroxisomeproliferator-activated receptor-c agonists, metformin, and thirdgeneration b-blockers); (5) current use of stimulants for
attention deﬁcit and hyperactivity disorder (eg, methylphenidate), illness, hospitalization, or trauma in the previous
2 weeks, type I diabetes mellitus, familial hypercholesterolemia, chronic kidney disease or end-stage renal disease,
Kawasaki disease (inﬂammatory disease of the vasculature),
autoimmune inﬂammatory disease, or congenital heart disease.

ICH Metrics
In 2010, the AHA established the ICH metric.3 Seven health
metrics have been established to deﬁne cardiovascular health
—categorized as poor, intermediate, or ideal (Table 1, as
seen in the Introduction). ICH is deﬁned as meeting all 7
cardiovascular health metrics and the absence of cardiovascular disease or cardiovascular medication use. The 7
cardiovascular health metrics are split into 4 health behaviors
(smoking status, physical activity, dietary patterns, and BMI)
Journal of the American Heart Association
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Metric

Poor

Intermediate

Ideal

Smoking status

Tried >30 d ago



Never tried; never smoked whole cigarette

BMI

>95th percentile

85th–95th percentile

<85th percentile

Physical activity level

None

>0 and <60 min of moderate
or vigorous every d

≥60 min of moderate or vigorous every d

Healthy diet score†

0–1 components

2–3 components

4–5 components

Total cholesterol

≥200 mg/dL

≥170–<200 mg/dL

<170 mg/dL

Blood pressure

>95th percentile

90–95th percentile

<90th percentile

Fasting blood glucose

≥126 mg/dL

100–125 mg/dL

<100 mg/dL

AHA indicates American Heart Association; BMI, body mass index; DBP, diastolic blood pressure; ellipses (), data not available; PA, physical activity; SBP, systolic blood pressure.
*Reprinted with permission from Lloyd-Jones et al; Circulation. 2016;121:586–613.3 © 2016 American Heart Association, Inc.
†
The Healthy Diet Score is based on adherence to the following dietary recommendations: fruits and vegetables, ≥4.5 cups/d; ﬁsh, 2 or more 3.5-oz servings/wk; sodium, <1500 mg/d;
sugar-sweetened beverages, ≤450 kcal (36 oz) per wk; and whole grains, ≥3 servings/d scaled to a 2000-kcal/d diet.
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and 3 health factors (fasting total cholesterol, blood glucose,
and blood pressure). Table 1 details speciﬁc deﬁnitions of
poor, intermediate, and ideal cardiovascular health for
children aged 12 to 19 years.

Clinical ideal cardiovascular components: BMI, blood
pressure, total cholesterol, and glucose
Height was measured using a wall-mounted stadiometer;
weight was measured using a medical-grade electronic scale.
BMI was calculated and reported in kilograms per meter
squared (kg/m2). Centers for Disease Control and Prevention
deﬁnitions of sex- and age-based BMI percentiles (2–20 years
of age) were used.25 Study BMI categories were deﬁned as
the following: normal weight: BMI <85th percentile; overweight/obese: BMI 85th percentile to <1.2 times the 95th
percentile, and severely obese: BMI ≥1.2 times the 95th
percentile or BMI ≥35 kg/m2.14 Seated blood pressures were
taken using a manual sphygmomanometer, using an appropriately ﬁtted cuff. Each participant sat quietly with legs
uncrossed for 10 minutes before blood pressure measurement. Three consecutive blood pressure readings were taken
at least 3 minutes apart. The average of the ﬁnal 2
measurements was used. Fasting blood samples (>10 hours)
were collected and total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglycerides,
glucose, and insulin were measured using standard methods
by the Fairview Diagnostics Laboratories, Fairview-University
Medical Center (Minneapolis, MN)—a Center for Disease
Control and Prevention certiﬁed laboratory.

Lifestyle ICH components: diet, physical activity, and
smoking exposure
Dietary intake was measured using the Youth/Adolescent
Questionnaire (YAQ), a semiquantitative food frequency
questionnaire. The YAQ asks participants about dietary and
DOI: 10.1161/JAHA.117.007467

supplement intake in the previous year.26,27 General physical
activity was assessed using a modiﬁed Godin Leisure-Time
questionnaire28,29 that assessed (1) intensity (strenuous,
moderate, mild) of physical activity in the previous week
during free time, (2) participation in organized sports in the
previous years, and (3) leisure time physical activity (at least
10 times in the previous year). Smoking exposure was
evaluated by self-report questionnaire as never, current,
former, previous, or secondhand smoke exposure.

Conversion from study instruments to ICH components
BMI categorization and total cholesterol, blood pressure, and
glucose thresholds were consistent between the study
instruments and ICH guidelines; therefore, no modiﬁcations
were made to these variables. Current (n=2) and former
smokers (n=5) were categorized as meeting the deﬁnition of
poor ICH, whereas never smokers (n=293) were classiﬁed as
meeting ICH. The modiﬁed Godin Leisure-Time questionnaire
assessed strenuous and moderate physical activity in the past
week (times per week and minutes per session). Strenuous
and moderate activity was deﬁned as “heart beats rapidly”
and “not exhausting,” respectively; both listed various activities that were relevant. For the ICH metric, we calculated
minutes per day of moderate and vigorous physical activity
using the following equation: (times per week9minutes per
session)/7 days per week. The YAQ is a 152-item food
frequency questionnaire that collects a comprehensive
assessment of food intake in the past week or month. We
utilized 45 questions that met the speciﬁed Dietary
Approaches to Stop Hypertension (DASH) food categories
for the ICH guidelines: fruits/vegetables (n=30), whole grains
(n=10), ﬁsh (n=2), sugar-sweetened beverages (n=3), and salt
intake (micronutrient analysis). Nearly all food questions
assessed frequency of intake using the following, or similar,
answer options: (1) never/less than 1 per month, (2) 1 to 3
Journal of the American Heart Association
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Table 1. Deﬁnitions of Poor, Intermediate, and Ideal Cardiovascular Health According to AHA 2020 Goals: Health Behaviors and
Risk Factors for Children 12 to 19 Years of Age*
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Sociodemographics
Age and race were determined based on self-report; race was
categorized as non-Hispanic white and black. Socioeconomic
status was approximated by self-report of free or reducedprice lunch eligibility. Sex and pubertal stage were determined
by a pediatrician or trained nurse using classical Tanner
staging.30

Exclusions and Missing Data
Of the 309 participants, we excluded individuals for the
following reasons: (1) no Tanner stage performed (n=5), and
(2) participant declined venipuncture, unable to perform a
successful venipuncture, or nonfasting (n=4). Our ﬁnal sample
size was 300 observations. Additional individuals would have
been excluded based on missing dietary intake (n=154; new
instrument version released midstudy, data unable to be
processed off-site because of old versioning), physical activity
(n=30), and eligibility for free or reduced-price lunch (n=183;
collection began midstudy). To minimize selection bias,
maximize the use of available information, and capture
appropriate uncertainty estimates, we used multiple imputation by chained equations with 25 repetitions to impute
missing data for these individuals who would have been
excluded in a complete case analysis based on missing
data.31 Because both dietary intake and eligibility for free
lunch were dependent on chronological time of measurement,
we operated under the assumption that the missingness
mechanism was missing at random. Results between the
complete case analysis and nonimputed data set were similar;
we opted to use the imputed data set based on the
aforementioned strengths of multiple imputation by chained
equations.
DOI: 10.1161/JAHA.117.007467

Statistical Analysis
Baseline characteristics of participants are described using
means (SD) and frequency (percentages) stratiﬁed by categories of adiposity (normal weight, overweight/obese, and
severely obese). For the ﬁrst study objective, prevalence of
overall ICH and ICH subcomponents were calculated across
levels of adiposity. For the second study objective, a
continuous ICH z-score was generated, both as an overall
ICH score and ICH subcomponent scores. The overall ICH
score was calculated based on the average of the individual
z-scores (standardized to the sample mean and SD) of the ICH
subcomponents (BMI, physical activity, healthy diet score,
total cholesterol, blood pressure, and glucose). BMI was
converted to age and sex-standardized scores using Centers
for Disease Control and Prevention growth charts.32,33 For
overall blood pressure and healthy dietary consumption
z-scores, an average of the individual z-scores (systolic blood
pressure and diastolic blood pressure percentiles for blood
pressure; fruits and vegetables, whole grains, ﬁsh, sugarsweetened beverages, and sodium intake for diet) was used to
calculate the overall z-score. To maintain consistency in
sample ICH z-score interpretation (higher is better), all risk
factors conferring cardiovascular risk were multiplied by 1
to ﬂip the direction of the score (eg, higher blood pressures
have negative values to contribute to a lower overall ICH zscore). The z-score represents the number of SDs a
measurement is from the mean, and allows comparison
between variables measured on different scales, from different distributions. A z-score greater, equal to, or less than 0
estimates that a particular variable is greater than, equal to, or
less than the mean, respectively.34,35 For our ﬁnal study
objective, multiple linear regression models were used to
estimate differences in ICH z-scores by adiposity status after
adjustment for demographics and Tanner stage (Model 1), and
additional adjustment for reduced-price or free lunch eligibility
(Model 2). Smoking was not included in our primary analysis
because only 2 participants were current smokers, and 5 were
former smokers. All analyses were performed using Stata 14
and R software packages.36,37

Results
Table 2 shows descriptive statistics for baseline variables
presented separately by adiposity level (normal weight,
overweight/obese, and severely obese). In general, participants with severe obesity were more likely to be female,
nonwhite, have a higher Tanner stage of pubertal development, be eligible for reduced-price or free lunch, and be above
the 90th SBP percentile. Individuals with severe obesity also
had higher mean insulin, low-density lipoprotein cholesterol,
total cholesterol, and triglyceride levels than their
Journal of the American Heart Association
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per month, (3) 1 per week, (4) 2 to 4 times per week, and (5) 5
times per week. We calculated frequency of intake by taking the
midpoint (ie, midpoint=2 servings per month if participant
chose option #2 [1–3 per month]) or absolute value (ie,
serving=1 if participant chose option #3 [1 per week]) reported.
We then calculated the total servings per unit of time for each
relevant ICH dietary subcomponent: fruits and vegetables
(≥4.5 cups/d), whole grains (≥3 servings/d), ﬁsh (≥two 3.5-oz
servings/wk), sugar-sweetened beverages (≤36 oz/wk), and
salt (≤1500 mg/d) based on a 2000-kcal/d diet. For example,
for fruit and vegetable consumption, each participant’s overall
servings per day were a summary score of servings from the
relevant 30 fruit/vegetable YAQ questions. This process was
repeated for whole grains, ﬁsh, and sugar-sweetened beverages. A summary salt intake was calculated using a proprietary
micronutrient algorithm at the Harvard T.H. Chan School of
Public Health Nutrition Department.
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Adiposity Status
NW

OW/OB

SO

N

113

87

100

BMI, kg/m2 (SD)

18.4 (2.4)

26.5 (3.5)

35.9 (6.1)

BMI, percentile (SD)*

73.6 (6.7)

106.0 (10.0)

140.1 (16.8)

Total tissue fat, N (%)

25.2 (6.1)

39.5 (7.2)

48.1 (4.9)

Visceral fat mass, g (SD)

74 (54.0)

412.5 (275)

1097 (585)

Demographics
Age, y (SD)

12.5 (2.5)

12.5 (2.5)

13.1 (2.7)

Male, N (%)

68 (58)

43 (48)

38 (38)

Race, N (%)

Downloaded from http://jaha.ahajournals.org/ by guest on April 20, 2018

White

109 (93)

74 (83)

77 (76)

Other

8 (7)

15 (17)

24 (24)

1

45 (39)

23 (27)

16 (16)

2

20 (17)

18 (21)

26 (26)

3

17 (15)

18 (21)

18 (18)

4

22 (19)

15 (17)

22 (22)

5

11 (10)

12 (14)

17 (17)

17 (15)

16 (18)

34 (34)

44.3 (13.1)

65.9 (16.8)

93.8 (26.5)

Tanner stage, N (%)

Free or reduced-price
lunch eligibility, N (%)
Clinical variables
Weight, kg (SD)
Height, cm (SD)

153.2 (15.1)

156.3 (13.7)

159.8 (12.5)

WC, cm (SD)

63.2 (6.9)

80.5 (9.5)

100.0 (14.6)

SBP, mm Hg (SD)

107 (11)

116 (11)

124 (12)

SBP ≥90th percentile,
N (%)

4 (3)

18 (20)

51 (50)

DBP, mm Hg (SD)

54 (7)

58 (9)

61 (8)

DBP ≥90th percentile,
N (%)

1 (1)

3 (3)

3 (3)

Insulin, mU/L (SD)

4 (3)

10 (6)

17 (11)

Glucose, mg/dL (SD)

78 (9)

81 (9)

80 (8)

LDL-c, mg/dL (SD)

81 (24)

95 (24)

97 (28)

HDL-c, mg/dL (SD)

57 (12)

47 (12)

41 (9)

Total cholesterol,
mg/dL (SD)

153 (27)

165 (27)

164 (31)

TG, mg/dL (SD)

71 (27)

113 (56)

133 (50)

Percentages may not add up to 100% based on rounded estimates. BMI indicates body
mass index; CDC, Centers for Disease Control and Prevention; DBP, diastolic blood
pressure; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; NW, normal weight; OB, obese; OW, overweight; SBP, systolic blood
pressure; SO, severely obese; TG, triglycerides; WC, waist circumference.
*Age- and sex-adjusted percentiles based on CDC criteria used to account for pubertal
development during adolescence.

normal-weight counterparts. Conversely, high-density lipoprotein cholesterol was lower in participants with severe obesity.
Of the 300 participants included in our analysis, none met the
DOI: 10.1161/JAHA.117.007467

AHA deﬁnition of ICH (Table 2). When examining the prevalence of ICH components by adiposity status (Table 2), very
few participants were current smokers (n=2) or had elevated
glucose levels (n=7). Only 1 participant met the criteria for
ideal healthy diet score. Participants with severe obesity were
more likely to fall in the “poor” ICH category for physical
activity level (16% versus 1%), total cholesterol (16% versus
4%), and blood pressure (30% versus 1%). For overall ICH, all
participants with severe obesity were in poor cardiovascular
health; most of the participants with overweight/obesity (81%)
and normal weight (80%) were also in poor cardiovascular
health. The total number of ICH components increased with
healthier adiposity status; 58% of normal-weight participants
met the deﬁnition of 5 ICH components, whereas only 2% of
individuals with severe obesity met the same criteria (Figure).
For all results reporting continuous z-scores, a positive
value indicates higher ICH sample z-score; a negative value
represents a lower ICH sample z-score. Normal-weight
participants had a higher overall ICH sample z-score
(0.800.9) than participants with overweight/obesity
( 0.400.7) and severe obesity ( 0.580.8) (Table 3).
Sample z-scores for physical activity, systolic blood pressure
percentile, diastolic blood pressure percentile, overall blood
pressure percentile, and glucose were all in the positive range
for normal-weight participants, and negative for participants
with overweight/obesity and severe obesity. The overall
healthy diet consumption z-score followed a similar pattern,
but participants with overweight/obesity had positive subcomponent z-score values for fruits and vegetable, ﬁsh, and
sodium (0.030.9, 0.161.1, and 0.071.1, respectively).
More speciﬁcally, only 4%, 9%, and 2% of participants with
normal weight, overweight/obesity, and severe obesity consumed the ICH recommended ≥2 servings of ﬁsh per week
(Table 4). Few participants met the ICH sodium intake
recommendations of ≤1500 mg sodium daily: 6%, 9%, and
23% for participants with normal weight, overweight/obesity,
and severe obesity, respectively. Ideal fruit and vegetable
consumption (≥4.5 servings daily) was relatively consistent
across all adiposity levels; ideal whole grain intake was higher
in participants with normal weight (48%) compared with
overweight/obesity (30%) and severe obesity (18%). Ideal
levels of sugar-sweetened beverages (≤36 oz weekly) were
most prevalent: 63%, 72%, and 56% in participants with
normal weight, overweight/obesity, and severe obesity,
respectively (Table 5). In a multiple linear regression model
adjusting for demographics and eligibility for free or reducedprice lunch, compared with normal weight, the ICH z-score
was lower for participants with overweight/obesity ( 1.35;
95% conﬁdence interval, 2.3, 1.1) and severe obesity
( 1.45; 95% conﬁdence interval, 2.9, 0.92) (Table 6). No
differences in results were present when stratifying by sex or
race/ethnicity. Results were similar for individual ICH metrics.
Journal of the American Heart Association
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Table 2. Baseline Characteristics by Adiposity Status
(N=300)
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Table 3. ICH Components by Adiposity Status (N=300)

Normal Weight

Adiposity Status

Proportion (%)

60

N
40

Overall, N (%)

NW

OW/OB

SO

300

113

87

100

Overall ICH prevalence, N (%)

20

Ideal

0 (0)

0 (0)

0 (0)

0 (0)

Intermediate

40 (13)

23 (20)

17 (19)

0 (0)

Poor

260 (87)

90 (80)

70 (81)

100 (100)

ICH components*
0
0

1

2

3

4

5

6

Number of ICH components

7

Overweight/Obese
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Proportion (%)

Ideal

113 (38)

113 (100)

0 (0)

0 (0)

Intermediate

20 (7)

0 (0)

20 (23)

0 (0)

Poor

167 (56)

0 (0)

67 (77)

100 (100)

Smoking status, N (%)

60

40

Ideal

298 (99)

112 (99)

87 (100)

99 (99)

Intermediate









Poor

2 (1)

1 (1)

0 (0)

1 (1)

Physical activity, N (%)
20

0
0

1

2

3

4

5

6

Number of ICH components

7

Severely Obese
60

Proportion (%)

Body mass index percentile, N (%)

†

Ideal

57 (19)

28 (25)

17 (19)

12 (12)

Intermediate

222 (74)

84 (74)

66 (76)

72 (72)

Poor

21 (7)

1 (1)

4 (5)

16 (16)

Healthy diet score, N (%)
Ideal

1 (1)

0 (0)

1 (1)

0 (0)

Intermediate

62 (21)

25 (22)

23 (26)

14 (14)

Poor

237 (79)

88 (78)

63 (72)

86 (86)

Total cholesterol, N (%)

40

Ideal

194 (65)

84 (74)

51 (59)

59 (59)

Intermediate

78 (26)

25 (22)

28 (32)

25 (25)

Poor

28 (9)

4 (4)

8 (9)

16 (16)

Blood pressure, N (%)
20

Ideal

202 (67)

104 (92)

60 (69)

38 (38)

Intermediate

59 (20)

8 (7)

19 (22)

32 (32)

Poor

39 (13)

1 (1)

8 (9)

30 (30)

Ideal

293 (98)

110 (97)

86 (99)

97 (97)

Figure. Prevalence of number of ideal cardiovascular

Intermediate

2 (1)

1 (1)

0 (0)

1 (1)

health (ICH) subcomponents* by adiposity status
(n=300). *Those in the OW/OB and SO categories unable
to attain 7 ICH components based on adiposity status.
Error bars indicate the 95% conﬁdence interval that would
be anticipated in the population given the data. OB
indicates obese; OW, overweight; SO, severely obese.

Poor

5 (2)

2 (2)

1 (1)

2 (2)

0
0

1

2

3

4

5

6

Number of ICH components

7

Discussion
In this study, we used the AHA’s “Strategic Impact Goal
Through 2020 and Beyond”3 ICH metric to examine the
DOI: 10.1161/JAHA.117.007467

Glucose, N (%)

Percentages may not add up to 100% based on rounded estimates. ICH indicates ideal
cardiovascular health; NW, normal weight; OB, obese; OW, overweight; SO, severely obese.
*ICH deﬁned by Lloyd-Jones et al as meeting American Heart Association deﬁnitions of
ideal on 4 health behavior metrics and 3 health factor metrics concurrently. Intermediate
cardiovascular health deﬁned as meeting at least 1 intermediate metric and no poor
metrics. Poor cardiovascular health deﬁned as having at least 1 poor metric.
†
Moderate and/or vigorous physical activity.

prevalence of overall ICH and subcomponents stratiﬁed by
adiposity in youth. In addition, we generated a continuous
overall ICH sample z-score and ICH subcomponent z-scores
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Table 4. Mean z-Score of ICH Components by Adiposity Status (n=300)
Adiposity Status

N
ICH components

SD*

NW

OW/OB

SO

300

113

87

100

ICH z-score (SD)

ICH z-score (SD)

ICH z-score (SD)

†

Physical activity (SD)

31

0.32 (1.0)

0.08 (1.0)

0.32 (0.9)

Healthy diet consumption (SD)
Fruits/vegetables

1.8

0.04 (0.9)

0.03 (0.9)

0.07 (1.1)

Fish

0.7

0.03 (0.9)

0.16 (1.1)

0.23 (0.9)

Whole grains

1.5

0.42 (1.0)

0.15 (0.9)

0.29 (0.9)

Sugar-sweetened beverages

54.7

0.07 (1.0)

0.25 (1.0)

0.24 (1.0)

Sodium

819

0.13 (0.9)

0.07 (1.1)

0.25 (1.1)

Overall diet summary score‡



0.11 0.9)

0.09 (0.9)

0.24 (1.1)

29

0.22 (1.0)

0.16 (0.9)

0.14 (1.1)

29

0.59 (0.9)

0.06 (0.9)

0.61 (0.8)

22

0.29 (0.9)

0.01 (1.0)

0.30 (1.0)

Total cholesterol (SD)
Blood pressure, % (SD)
Downloaded from http://jaha.ahajournals.org/ by guest on April 20, 2018

SBP percentile
DBP percentile
‡



0.51 (0.9)

0.04 (0.9)

0.52 (0.9)

Glucose (SD)

9

0.20 (1.0)

0.16 (1.0)

0.08 (0.9)

Overall ICH summary score (SD)‡



0.80 (0.9)

0.40 (0.7)

0.58 (0.8)

Overall BP percentile summary score

Interpretation: A z-score ≤0 indicates a variable is less than the mean (lower ICH); a z-score ≥0 indicates a variable is greater than the mean (higher ICH). BP indicates blood pressure; DBP,
diastolic blood pressure; ICH, ideal cardiovascular health; NW, normal weight; OB, obese; OW, overweight; SBP, systolic blood pressure; SO, severely obese.
*Units for SDs: physical activity (min); diet: fruits/vegetables and whole grains (servings/day), ﬁsh (servings/wk), sugar-sweetened beverages (oz/wk), sodium (mg/d); total cholesterol
and glucose (mg/dL); blood pressure (percentile). SDs for absolute SBP and DBP were 13 and 9 mm Hg, respectively.
†
Did not include smoking status; only 2 participants were current smokers and dichotomized nature of smoking variable made z-score transformation less straightforward.
‡
Overall summary z-scores were calculated based on the average of the individual subcomponents: diet (fruits/vegetables, ﬁsh, whole grains, sugar-sweetened beverages, and sodium);
blood pressure percentile (systolic and diastolic blood pressure percentiles) overall ICH (physical activity, diet, SBP, total cholesterol, and blood glucose). See Methods section for a more
detailed description.

across levels of adiposity for an internal comparison. To the
best of our knowledge, this is the ﬁrst study to examine ICH
metrics by adiposity status, and to create a continuous ICH
z-score that captures the continuous nature of the data.
Overall, we found that no participants achieved ICH; 13% and
87% of study participants were in intermediate and poor
cardiovascular health, respectively. Importantly, 80% of normal weight, 81% of overweight/obese, and all participants
with severe obesity were in poor cardiovascular health. After
adjustment for demographics and eligibility for reduced-price
or free lunch, participants with overweight/obesity and severe
obesity had lower ICH z-scores than normal-weight participants.
Previous studies have found the prevalence of ICH to be low
or absent in adolescent,22,38,39 young adult,40 and adult
populations.41 Our ﬁndings are consistent with existing literature, and extend these concerning results to a younger
population (mean age: 12.8 years; SD 2.7). Shay and colleagues found a lack of ICH in adolescents aged 12 to 19 years;
<50% of adolescents had ≥5 ICH components.15 In the Young
Finns study, the largest pediatric cohort study to date, no
DOI: 10.1161/JAHA.117.007467

participants met the criteria for ICH (mean age: 15.0 years; SD:
0.05).39 Because children are generally considered to be born
with ICH,1 these collective results serve as a considerable
reminder that ICH is being lost at younger ages, and that
targeted intervention efforts to maintain ICH in early life may be
beneﬁcial to prevent the deterioration of ICH in childhood and
adolescence. Given that the prevalence of ICH was absent in
the current analysis, and that 87% of all participants were in
poor cardiovascular health, the functionality of the ICH metric
remains uncertain. Furthermore, secular trends for cardiovascular risk factor burden and overweight/obesity have increased
or at best plateaued,42,43 thus raising concerns that the
prevalence of ICH is unlikely to increase in the immediate
future. We found that nearly all participants had healthy fasting
blood glucose levels and were nonsmokers, even with a large
number of participants with severe obesity. Furthermore, only 1
participant met the ideal criteria for the healthy diet score.
Previous studies have attempted to address this issue by
dichotomizing the number of ICH metrics (≤3 or ≥4 ICH
metrics),39 creating summary scores for total number of ICH
metrics present (maximum of 7),22,40 or generating a composite
Journal of the American Heart Association
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Table 5. Mean (ICH) Diet Subcomponent Consumption and Prevalence of Ideal Consumption by Adiposity Status (n=300)
Adiposity Status
Overall

NW

OW/OB

SO

300

113

87

100

Fruits & vegetables, servings/d (SD)

3.6 (1.8)

3.6 (1.7)

3.6 (1.7)

3.4 (2.2)

Whole grains, servings/d (SD)

2.7 (1.5)

3.3 (1.5)

2.5 (1.4)

2.2 (1.3)

N
Ideal healthy diet subcomponents

Fish, servings/d (SD)

0.71 (0.70)

0.73 (0.61)

0.82 (0.87)

0.55 (0.53)

SSB, oz/wk (SD)

43 (55)

47 (57)

29 (27)

56 (73)

Sodium, mg/d (SD)

2353 (819)

2466 (698)

2419 (874)

2152 (856)

Ideal healthy diet consumption*
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Fruits & vegetables, N (%)

84 (28)

28 (25)

24 (28)

30 (30)

Whole grains, N (%)

96 (32)

54 (48)

26 (30)

18 (18)

Fish, N (%)

18 (6)

5 (4)

8 (9)

2 (2)

SSB, N (%)

192 (64)

71 (63)

63 (72)

56 (56)

Sodium, N (%)

36 (12)

7 (6)

8 (9)

23 (23)

ICH indicates ideal cardiovascular health; NW, normal weight; OB, obese; OW, overweight; SO, severely obese; SSB, sugar-sweetened beverages.
*Based on American Heart Association guidelines, consistent with Dietary Approaches to Stop Hypertension (DASH) dietary pattern: to consume ≥4.5 cups/d of fruits and vegetables,
≥2 servings/wk of ﬁsh, and ≥3 servings/d of whole grains and no more than 36 oz/wk of SSB and 1500 mg/d of sodium.

score (0, 1, or 2 assigned for poor, intermediate, and ideal
cardiovascular health, respectively, for each of the 7 factors).15
Alternatively, it may be beneﬁcial to consider a continuous ICH
metric that captures the dynamic physiological state of
cardiovascular health.24,44,45
A recent AHA Scientiﬁc Statement was published in late
2016, with the intention of being a supplemental document to
the “Strategic Impact Goal Through 2020 and Beyond.”3

Steinberger and colleagues speciﬁcally discussed challenges
and opportunities for cardiovascular health in children and
adolescents, and addressed potential modiﬁcations that could
improve the ICH metric.23 One of the primary recommendations was that future ICH tools could beneﬁt from prioritizing
continuous measures of risk factors. Furthermore, the ICH
includes thresholds for behavioral and health factors that are
based on percentiles calculated from population estimates.

Table 6. Differences in Overall ICH z-Score by Adiposity Status (n=300)
Model 1*

Model 2†

N=300

N=300

ICH z-Score Difference (95% CI)

Age (per y)

0.05 ( 0.13, 0.03)

Male (vs female)
Race: black (vs white)
Tanner stage

0.20 ( 0.09, 0.50)
0.01 ( 0.15, 0.12)

P Value

0.232
0.181
0.849

ICH z-Score Difference (95% CI)

0.04 ( 0.13, 0.02)
0.14 ( 0.14, 0.34)
0.08 ( 0.10, 0.33)

P Value

0.346
0.397
0.761

0.02 ( 0.13, 0.18)

0.786

0.03 ( 0.13, 0.15)

0.944

Referent



Referent



‡

Adiposity status

Normal weight
Overweight/obesity
Severe obesity
Free or reduced-price lunch eligibility

1.24 ( 1.57,

0.91)

<0.0001

1.35 ( 2.3,

1.1)

<0.0001

1.41 ( 1.80,

1.01)

<0.0001

1.45 ( 2.9,

0.92)

<0.0001



0.10 ( 0.92, 0.73)



0.812

All linear regression models examining overall cross-sectional ICH z-score at mean age 12.82.7 y. BMI indicates body mass index; CDC, Centers for Disease Control and Prevention; CI,
conﬁdence interval; ICH, ideal cardiovascular health.
*Model 1: adjusted for age, sex, race, Tanner stage, and adiposity status.
†
Model 2: Model 1+reduced free lunch eligibility.
‡
BMI age- and sex-adjusted percentiles based on CDC criteria used to account for pubertal development during adolescence.
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youth with severe obesity, comprehensive cardiovascular risk
factor assessment, and the generation of continuous ICH
sample z-score for use in our study sample (overall and
subcomponent z-scores). In the current study, prevalent
overweight/obese and severe obesity was higher, by design,
than national estimates.42,43 Nonetheless, our results are
consistent with ﬁndings in the Young Finns study, which
reported that ICH was rare (1%), ideal fasting glucose and
nonsmoking status were most common, and ideal BMI and
diet were less common.4 Lastly, these results represent the
youngest cohort to date where ICH is absent; our results
include children who are <12 years of age (n=117) and
therefore extend beyond the age range speciﬁed for ICH in
childhood and adolescence (12–19 years). Importantly,
higher thresholds for older children and adolescents may
incorrectly classify younger children as being in better
cardiovascular health, which would likely bias results towards
increased ICH.
There are a number of limitations to this study. First, certain
variables that impact adiposity, such as genetic predisposition,
were not assessed. Study exclusion criteria, however,
attempted to identify the most common genetic conditions
linked to adiposity or mediation known to impact adiposity
status. Second, selection bias remains a possibility; for
example, perhaps the participants with severe obesity have a
different risk factor proﬁle than the target population of children
and adolescents with severe obesity. Nonetheless, the robust
sample of youth with severe obesity and concordance of
baseline characteristics (Table 1) with known risk factors
proﬁles14 give conﬁdence to minimal selection bias. Third, it can
be challenging to apply criteria from newly developed constructs (ie, ICH) to more commonly used assessment tools for
cohort studies or clinical trials. For example, the ICH guidelines
consider dietary intake per day or within the previous week,
whereas the YAQ food frequency questionnaire asks about
dietary patterns in the previous week and month. Strict
adherence to AHA ICH criteria in particular was not feasible
for all criteria (ie, dietary components or physical activity);
reasonable approximations were made. Fourth, the use of
z-scores comes with mixed implications.53–55 Z-scores afford
the use of a continuous scale, standardize the units of the
variables of interest, allow comparison across variables, and the
ability to evaluate an overall ICH summary z-score as well as
compare subcomponent z-scores.53,54 Nonetheless, by transforming raw data into z-scores, the original units and clinical
meaning are absent,53 and interpretation relies on a 1 SD unit
difference, which can have limited clinical meaning, particularly
after multiple z-scores are combined. In addition, z-scores are
known to perform poorly at extreme values of BMI in youth55;
we did not calculate a BMI z-score in the current analysis and
instead opted to stratify our results by adiposity. Furthermore,
z-scores that are calculated using observed means and SDs
Journal of the American Heart Association
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The authors argue that thresholds that are relevant to
cardiovascular outcomes in adulthood would be more meaningful, but these data are generally nonexistent.23 It has
previously been shown that continuous cluster scores in
childhood can be predictive of cardiometabolic dysfunction in
adulthood.46 In light of these considerations, our results
include an evaluation based on comparisons using a continuous z-score in our study sample. After adjustment for
demographics and Tanner stage, participants with overweight/obesity and severe obesity had lower overall ICH
sample z-scores ( 1.35 and 1.45, respectively) compared
with normal-weight participants; results were similar for ICH
subcomponents. These results suggest that overweight/
obesity and severe obesity are independent predictors of
ICH, and the impact of adiposity on ICH may not be fully
captured by weighting adiposity and other ICH metrics
equally. In addition, prevalence estimates suggest that 80%
and 81% of individuals with normal weight and overweight/
obesity, respectively, met criteria for poor ICH (Table 3); ICH
sample z-scores, however, suggest that individuals with
overweight/obesity have a much lower ICH sample z-score
( 0.400.9) than normal-weight individuals (0.800.9)
(Table 3). Thus, prevalence estimates alone indicate that
individuals with normal weight and overweight/obese have
similar ICH, whereas ICH sample z-scores suggest that the
overweight/obese group had lower ICH than the normalweight group. Finally, youth with overweight/obesity and
severe obesity are rich targets for primary prevention efforts;
additional research is needed on the short-term impacts of
lifestyle improvements on ICH metrics in childhood and
adolescence.
Examining the prevalence of ICH by adiposity merits
independent attention for a variety of reasons. First, the
prevalence of overweight and obesity in childhood and
adolescence is 33% (17% and 15% are obese and
overweight, respectively)42; it is unclear whether these
numbers have plateaued or continue to rise.42,43 Prevalent
severe obesity in children and adolescents, however, has
increased from 4% in 1999 to 200410 to >8% in 2013 to 2014.7
Second, adiposity in youth is a foundational risk factor for
subclinical cardiovascular disease,47–50 future obesity,51 and
cardiovascular disease and diabetes mellitus related mortality
in adulthood.38,52 Mendelian randomization studies support a
causal role for obesity in abnormal cardiovascular disease risk
factors for the development of adult atherosclerosis.19,20
Identifying children based on adiposity who are at risk
for clinically evident cardiovascular disease later in life
may be an important strategy for cardiovascular disease
prevention.18,21
Strengths of this study include the comparison of ICH by
adiposity status in a sample encompassing childhood and
adolescence, the rare ability to examine this relationship in
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lower z-scores than their normal-weight counterparts. Youth
remain a rich target for primary prevention efforts targeting
behavioral change. Modifying the ICH to a continuous metric
could further enhance its ability to stratify cardiovascular risk;
data that capture a representative sample in addition to
cardiovascular outcomes are critical to assessing the utility of
a generalizable continuous metric. Identifying characteristics
of children and adolescents who have poor or intermediate
ICH based on adiposity status has potential implications for
interventions to prevent future cardiovascular disease in
youth with obesity. Implementing more aggressive primary
prevention intervention efforts in youth with severe obesity
should be a priority.

Clinical Implications
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solely the responsibility of the authors and does not necessarily
represent the ofﬁcial views of the National Institutes of Health.

Pediatricians face numerous challenges when addressing
weight management in a clinical setting. One of these hurdles
involves addressing behavioral changes for families struggling
with weight issues. On the other end of the spectrum, clinicians
with expertise in weight management have limited options for
clinical management of severe obesity and associated comorbidities. Based on the current ﬁndings that ICH status differs
across levels of adiposity, this could inform targeted population
or clinic-level intervention efforts. Despite the fact that there
were no participants in the study with ICH, the prevalence of
intermediate ICH was around 20% in both the normal weight and
overweight/obese groups. In participants with severe obesity,
however, none fell within the deﬁnition of intermediate ICH.
Thus, clinicians could tailor clinical recommendations for
adolescents and children with severe obesity.56,57 Because
poor ICH was also found in participants with normal weight and
overweight/obesity, more intensive and/or different population-level interventions and policy changes could be beneﬁcial.
For example, because public school attendance is widely
universal, developing school-based policy changes or programs
could be considered.58,59
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